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Advanced excimer-laser-annealing (ELA) technologies of Si thin films on glass have been reviewed. ELA-induced 
lateral grain growth seems attractive from an application view point since grains more than several microns in length 
can be grown by single shot of an excimer-laser light pulse. There are two technological ways for enhancing lateral 
growth kinetics. The one is introduction of non-uniform light intensity on the sample surface. Different values of ther- 
mal energy density stored in the molten Si film results in its solidification time delay along the sample surface, which 
triggers the long lateral grain growth. The other is an application of a non-uniform sample structure, which causes a 
non-uniform heat removal rate, resulting in the solidification time delay. An underlayer plays also very important role in 
ELA By using organic SOG as the underlayer, grains more than 20 microns in length could be grown, and by using po- 
rous silica the grain size became more than 0.1 mm. These lateral growth technologies seem applicable not only to thin- 
film transistors but also to solar cells. 
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Table 1 Typical Excimer Lasers and their important features. 
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Fig. 1 Important phase transitions for ELA. 



Fig. 2 Schematics of Si-ELA. (a) Partially melting, (b) Just 
before "completely melting", (c) After "completely 
melting". 
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Fig. 3 Schematics of time-dependent temperature when the 
Si thin- film is completely molten by ELA. Solid 
curve: thick Si film. Dotted curve: thin Si film. 
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Laser Intensity 

Fig. 4 Schematics of average grain size as a function of laser 
light intensity. 
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Fig. 5 Various large-grain growth technologies . ( a ) Sub- 
strate heating method, (b) Dual beam method, (c) 
Double pulse method. 
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Fig. 6 Membrane structure used for first observation of 
ELA-induced lateral growth. 
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Fig. 7 TEM image for laterally grown grains on the SiO: membrane. 
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Fig. 8 Schematics of lateral grain growth, (a) Lateral growth 
induced by lateral heat loss, (b) Random nucleation 
caused by vertical heat loss, (c) Method of suppres- 
sion of random nucleation (energy gradient method). 



-39- 



284 



%m®^ -»'21* *S#. (2000) 




Phase-Shift 
Mask 




Sample 




Substrate 



TS" - - 

- c" - 

<«. » fc--J. » 

. -"ft ^T*< '!>.« . : 
* > - 3 >-»- ■ 
<« j?T<-»>-?^. ... . 



Lateral Growth 

(a) 



■ ?£ r 



(b) 

Fig. 9 Phase-modulated ELA method, (a) Schematics of "ex- 
perimental system, (b) SEM image for the crystallized 
Si film (After Secco etching). 
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Fig. 10 Computer results of grain growth for the energy gra- 
dient method, (a) Light intensity distribution, (b) 
Temperature distribution just after the light irradia- 
tion, (c). Temperature distribution at 180 ns after the 
light irradiation. 
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Fig. 11 Computer results on the temperature profile at the 
Si/underlayer interface. 
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Fig. 12 Sample structure for non-uniform heat loss (Ad- 
vanced P 2 ELA method), (a) Reduction of heat re- 
moval rate by elevating the underlayer temperature 
(P 2 ELA), (b) Acceleration of heat removal rate by 
reducing the temperature (CN-ELA), (c) Combined 
method (advanced P 2 ELA). 
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Fig. 13 Time-dependent temperature profiles for the ad- 
vanced P 2 ELA. 
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Fig. 14 SEM photograph of the Si film crystallized by the advanced 
P 2 ELA. 
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*f.yt&9m ux:—<o»mmm^m bxm& x # s« tc b~^3te©j»i*fl5* b.&«, 

ttBM*««K;««!69«:^l«©/t^ '>.*&t&*$1&1&m.\t b>—if ft ©!$&£ft^P! V TOfr-© 
bXl^©#id^£MM!ltbXi&ii&fc£e&VK l^^tf3t©I»l*«***©»fW«W 

\zm ux^sg® fls^i* d M b x# 6 ©x $> & m t-r s . 

[0 0 10] *58WfcJ:ntt> affi©^®^^J^fiWa^C^SUbT*B^©^§!l^S:^ 

tjm&mmvxm&fc ©^ tsj s^-r •& . . jtcia wx.*ew* ©/t # b fcumtzm 

[0 0 1 1] 

[*W©*K©.J§8fi] ■«THlii*-<W»bT.**W©#S«©»»*»IBfclttW-'r<&; Hl tt 



Tf&mik-rz *> ©x& d , v—*$ mm \z& o - &mm vt^ u a £<z)¥^^i##i® 

*^nJt6^m»v: l/-1f^5 0©&R€rft^ilbX, g« 0 <DtE±\Z$> 

Ti^-<D^iaM«D^fia[H8it-rso Rg^^R^T^-r^i^^HJ (a) T«$nxo 

l^-if^5 0<OMI*m^R^PK^S^O^fiJfSl|tDfc^L,X^Sft:X 
g^&Ojg-To Z\<Dj£&JLm<®&W}J5fa\Z. $cBJ (b) Ti^nTViS. jg&fbXigXfci, 

*8ll*b^S*ISffl£U^XM^^R£^b^r6^ *IK0£2 

[0 012] ^Bjit^n^ <Dmffi*MAi*msmizftmVTmm<?)ftmmwi> 

7^ >tClLsDfcM^)SB^flJffl UXSigS^ro^lRlSrMW-rS. Kfci^W-CraRg©/^^ > 

m <dmm xiigttftrr <s wxflg*Hg*£R £-re> b x*§iMfc *ff 5 e t <fc ch^-* 

[0 0 1 3] 0^©«a|X«, (a) <DJ5mz'PD*3~2 mZ-&lvmmz) IltitRS^ 
7 K$-tfX. (gg^^*iJ^Drt *JBS^$i3-, #V>X (b) O^C*§ <J/7^ 
•Hr^Cli^Oilt-^iX, &&.0£&&1%§,fctS&2>. Z\<D&&. Jg^##!£W£D<D;*; 
££«0!i;U£6 lmmx7 3mriiX, £nfc^T5*g^4*<E>^— 1fMS?ffi**R<B®l*£:# 

^s— 7,7&« 5iim, U~1fX 5 0 g) feg->7 Mfcft ^O-. 7 5pm> — @©i«TeiSfct 
ffl (8t£ftiji£llJ&M8li> tffl prnOi^ 5-72^ a >y h <D U—tf MltX$e?§m<Z>#i!Hg 

6 1x7 3mm 2 X, #7*S«CD*#£#6 0 0x7 2 0mm 2 ©i^t -RH 0 5 
^p B lX<DH~AS&*)i|iI£lnim£T5^ 1/— 1f^IJiifc&#10Hz<Di:£; g«0 
O^^S-ffc-rsOlC^TS^r^a y l-i$cte5 0 0-7 0 0'$*B* KX&£tfV£, g& 
l^fefcCUC^T-S^a-fb©^^ h^-f Al£5 0~7 0g><»:fc5. EtlteMH^X^- 



1v hkl/Tlit»Kav>. 

Co o i 4] E©i^iflMMfcieP*te* rt?xmm&2 0 OaK±> »ii<«4 

OOD-6 5 0 DSSfcJp|»-r-5 E££<fct), ¥##}£fl£4 OttMBKHSfc fe»t.*» 
£S< LT*»«IWGT«ftfc», 8i*0?84i*t»milli*O^V»'>'J3> 

[0015] ^2&, TO65^uif/ , ?^><D^j^'r^w^ 5 F®iai?^-5. (a) m 

WW^U'yM^ (c) Kwrr«&k3':c:*'n>n^>, (d) tc^f 8!&*&^tfc/^ 

>t*t>J;Vio !f31fift*Rlcl»WbfcHf, — #^w^b<Kt^5cW&J!gm;fi' 

[Oft 1.6 ] OT, *yDirXfc4^W^^®^®MI#^1f^BcD--0Ulc:-3ViT^^«)» 

m 3 \Z& ViX, 5 l«tW*X+ ^ V V—tf^id. 5 2 tt^^^f-AI^X U y-.h < 5 
3 tf— AiJn^E i?^--f if, 5 4 V >X. 5 5 ttT-f ^D^Uyh, 56 \*3&m. V> 

X. 57«S5 > 5 8li*«0^«T^XYX^— XY7f-y5 8l; 

liaisM^ <z> 5 > ?#mm 2 nx us . o <z> _h ic tmMMMHMi 4 at^ss $ nx 
us. ^^tc#^w-+fM»^e«s*Wfc, ^je>s«oic^$nfc¥^^Mi4fc 

*f ft 5 0 bTf^iH 4 <&tt*tfl:-*ff fcrs t>coT-& .0 t, ttnMftR fa^9ie* 

u—*fyt 5 0 siibx- j&bxMatT^&mtev— #^5 
0 ®-jsi*«***p*-r*. -^wRHjut-v^xs 4, v-r i'Dzu h 5 5, 

X 5 6 7-57 RgSt®^lr^^HJ3Rf«>/^ >^^BJtE&«^ I— »f 

SIT. *SOB«n?l4, 5t^»»4«MWttffll«on^>'3^»A^ife:T--f.^-D^U-.«y K5.5 
5 5 te*® 0 <DiS JiirBHS ns £ 1 *> & * ; . 

[0017 ^ DX U 5/ h 5 5 1 ~ 2pm(Dj&ft|g!, «^Ll3»JMt-fc«nfcM.o.v 

1f7t5 0«II3 O 8 nm.0Xe C 1 X^>V W-lfftiH 5 1^6f8U 1 
->a v h<D/VlXMWiV%ffl\Zl 0 0~2 0 0 n-sT&Su ±IB^#T^''f ^DX'Js> h 5 



U-1f3fc 5 0 *|JM#S "S* t'-lftt 5 0 jWBtte n*W«Ttt'> U 31 >tt$g* 
i§B$ U 3 > fltfrffl fc**«J5fe«JWt#* • 1 5> a y > TJHtfttO. 3 — 1.5 pml3 

Tfr<. ■ ~~~~~~~ — 

[0 0 1 8]-*»?H©^i6»c«tSi»BSj«*©«^*«*W^bfc*><©^a^Tr»*. (a) 

s *£w~rsu 1^3 # !f jwtfr.* frn^v— *fmztmm<D'£m 
[oo i9] M5.«, ^mmizm^mmb^>^7,^<Dmm^(om—mmmt:^Tn:m 

;HT2 7 0 &V>L&'5 O c m2/V s , P5 1 ¥^;HB"C1 6 0^Ut25 0 ctf/Vs 

cDSgjg^fe*^-r, s-r (a ) te^-r^fc, ^^^aH^eas^ssso ©jiisa 1 , 

T a, Mo, W, C r , GuXIScnt.C9^M l 0 675313 0 0 nmCDff^-CJ^fiKU, 
Aar-o^fL/T**— : fi|ltlllt*. 

[0Q 2 0] (b) tc^-r^Kc, y— hmmi<o±\zy— +-*MW)t'«-»'flfcr*. * 
inteii-m, y^^ffiiMttty^^M-flUi* <s i n x )■ /y-n!t«3 (s 1 o 2 > 

©— B#ji£fflUfc< ^-h^bM2 «S i H 4 iNHs Oi^SI^#tt 
TjflVV ^7X7CVDft (PCVDS) Tgail/fc, ^^XTCVD^ft^-T^ 
ffi CVp & 5 V>tt Mffi-C V I> £j8 1>T ^Mt&mmx^ y— h^<bM2*5 On 

ta«S*T«aufc.: y- h^krn 2 ©^iciiibT, y- hmfti&s 2 0 0 nm 

M4^^3 0 75M8 0 nm©»*-TfiS;mbfc. =J18ii&©y- b^it^SSf^i 
Vv^^lcH, 4 0 075^4 5 0 □©«KT^**Ha*.l ^meflaDj»JBa*fT«:V\ # 
[0 0 2 1] #Vvt?, *569iirfi£bT, !fft5 0*iSWu i»*¥*#»R4*tt 



[00 223 (c) \z^-rm\z, mmh?>px#<Dv t hzmm-tzmttn?, v 

t h-ftW>y7>f- ^3>£&^tCJfcCTff&"5. B + £F— X*#Sx 

1 0»7iS4xl 0 cm2 *>&Abfco Z1<&V t h-f-ifrX ^y^^r-— S*a 

j^S¥^«:^m5 <?5JtlCM^.^9X-7CVDfeT?S i 0 2 ^10 0 nmM3 0 0 n 
m©Ji*Tf S H 4 tt^^X £^7X?^ UT S i 0 2 £ 

jfe^fl£|Sllg|5 caXL. L DD«ft*»fiE1fN5* £<DB£CQ K— X*tt~ HA«5x 1 0 ^ 75 
Mix 1 0 ia/ c m* D , m&^mt.mX\Z 1 0 K e VT*«i-j^. JgfcX 

*•« v> -s d t*t-c^ ^ . ztm.nM&m&Skw& z\ £ & < m# jh>£ *> 

* k v * h ?w u fc^, £ P + * * > rt> 6 B + -f * > J' SO 0 iM- 

\Z <fc r> T li, X3=- ^ V V—*? £ ffl WcW-1fgttft7^-Jl' (ELA) ^oTfefiK 
[0 02 3] mmz ( d ) tC^-T^JC, S i O* 1 0 0 75M 2 0 0 n m®JP*T&KU 



4 0 0 nmfifcBIU tt^-^a y 7TJD 8 iif-S. ^©©PiT^^Xti 

7*-s>^x^x«K^^HmTi?3 5 od75M4 o o ammomummt i«$m 

52 ;W* HP U Mo, A 1 fcZ&l 0 075M2 0 0 nm0^W»;^lfci. 

[00 2 4] M6.«*^wfc^5»m>^>^x^©M^fe©^-^ig^j^-riM 

JWSlT? 3 2 0 &Ut4 3 0 cm! /v s P g^^Pffl-C 16 0 &V> I22 0 cm> /V s 

mipwmh *fttiL\sx**&. (a) fcTjvreus, i^»s«o<o_hic-n^ 

rJiiteS— JS©Tttiigl6 a, 6b«^9X7CVDtttl:J:DXt»ftitr«. -11©T 
mi&6 alJS i-N,4*6&D, ^<Z>£Uf£«l Q'0.-7JS2 0 0nm7?**. X, ~JPS©TJfc 
i6 bttS .i 0 2 d^ftO, ^-<Z>JgUPte]^U< 10 Onm73>S2 O.OnmT**. ilOS i 
0 2 ^S^TiH6 b©±l:#IS^U3 »&»6*:*W#:»it4&»3 0 7»£:8;0 n 
m©JP*T^7^CV.DS%.t< HLP CVDfefciO^Itlii ^MIRS'lJ 

SMCs SBfcOTflWTM 0 0 D75S4 5 0 □ 1 Rfl8|g$07- — ;i"ftfT&3. £ CTfiE^fc 

— Xfi 5 x 1 0 « 4 x 1 0 c m2 .fi&TNMMMV m 5 £<£>*-&<E>lHtf£m 
SttlOKeVllTSS. 

[00 2 5] x^x^wizft^T. &&n¥mfcnm t 4$:mfo<tTz>. mmo<D&m& 

7t> l^.— If3t 5 O O^SSY/f ^ DX U y h 5 5 1?3i^iUT-(0 

\z® vxmta&K. *m k> jg-r . 

[00 26] mvr-<t>) i:*tit'^a>' , J 3 >l:fei$nfc^MH 5 &7^f .5 

ECR-CVDj£> xn^^ftat'TS i O2 S 1 0M4 0 0 nmf$S$t, y— biffed 
BUtTS. WT?tty-HiiSl3 0j|^* lOOnmCbfc. hfgiSJ&3©_L 
KA1", Ti, Mo, W, Ta, F-yhWI'/'Ja^fi. »5l»ttcn^O^* 
2 0 0 75M8 O OnmOJI^lL. Bf3e©»ttte/^n>^T^— h«* 1 ICJQI 



Xntt^o F-X««6xl 0i*ft£5xl 0i3/cm2T*5. ;&DiiSJE«#!)*.fcf 9 OKe 

LDD^{c^-r^-i'^>aA^ Mini t^^ffi^a-rsm^^^x 

o%PH 8l ^Sf^fc. cmos (HjK^^fiitr fc «> p h 5 > * 
fflfDi^^x v n& y&y&&$ks f— e>^x^s %7!»^2 o %©b 2 h 6 /h 2 

H-XIlxlO"71iS3xlO"/cm2SI, Mmj£«^l*9 0 K e VT 

co o 2 7] (c) c^-rojiic, fm i *&m-r2>m\zp s G&t'ave&s 

G 075S4 0 0 nm«iL/1H->3 >M ^^M) 8 <h"f£>. ZKD^PgT^tf 

5^«m$*s. z<DW:a>*p h*—ji*mn-r2>. M\zj^^^-iy 3 >m8 0±\z 

A l -S i/£i*£;*7^y^U>^^ 

bft-ji&ma-T&. sp-mtm 1 oojlk i to^ rxo^^e,^€>jg^m 

[0 0 2 8] g 6 \Z7jkVfcm~ <DmMM~eY3~ iifc* lfc»-©*««TR9!Ufc*tt 

[0 029] m 7 Bv »-*ifi«xtt*— ^JtWfcflisiiiih^^yx^sfflVitey^x 

.-f ^Tivu^^ffl«*jfi«©— «t*r. B*t*s>«fc* *t©ifti*ai*i 
oi,. 102 tM^©r B i^^^nrcm^#feK 1 o 3 jz&mx.itn*jbm&*irr*, 

■««»**»l-0 3i:bTja«ft»»3WJK<fflVi6tlT^*, -TtH©f&lk££ 1 0 1 iCtt 

H*7W«l 0 4fcRWiliIK8Pi:*^«[^$nTVi5. n»leIttffittmnitrlBl&.l 



0 5 £*vviMaifc i -o 6 ti:^nTns. s&utg&i o i©^iaei5jt«s^«^ 
i^i*jfl©.*HP« i o 7i>Wf&2tix^z. -m^m 107 \t&m 1 0 8 lt;m&©> 

0&1 0 5 &&&¥-mWim& 1 0 6£&i^l>TV>£. ESI^T WSI51 0 4 \Z\tftVXD¥- 

hmmi 0. 9 tm#.(Dmt%w&&i 1 o^^trc^So MiB^<D3Siisp^«iii^mai 
1 1 ti^n&w&rrzmwkh^yi/T,* 1 1 2*t^$tiTv^. fM*h9>s?;**i-i 
2 e>y- h«m«Mf&-rs^- hee** 10 9 t* w ymmttti&Tzmmm 

mm tz&m&ti* v—xmwattt&Tzm^m&i 1 1 0 1^1x^5. keh 
109 «Mffifbiais& 105 jc^-ts— M#SBiH 1 l o ^w-mmmn io6i:g 
iUTu§. liisi 1 i^^^^y^mm-r^mmh^>^^ 11 2^111 
snags 1 0 5 <t7K¥&Wj|5i&& 1 0 6 t:t*n5iih7y^^tt, *§bwk:^ t^bs 

[0 0 3 01 £^xv *ftwizfrfrz\s^tfmMmm<^<Dnmm&m&zm't. m 8 ^ 

*3V>X, 5 1 tt^ctB^x^->W— if5tiH» 5 2li*gJfmt:*-A!&J£XU >>K 5 sue 
^-A^^E^^ If, 5 4 «^W>X, 5 5 a 7 5 7 tt5 ^— 

®mtt&£tez&moiz\z^&*mftmm4&&m2tiT^z. m^o^^mz^t^ 

5^J^X^5_5_a^ia^M^n, «MIK:«iin!i&7>:/5 9*ii5SBHKSnxVVS. 
k— 1f7t2i.5 1 j&x*>5£Lfc W-ifJt 5 0«^ffi->7 KXf 55 a ^UTS1S 0 

[•0 0 3 1] t!C:xa9_©l5iWoXS#{C, te+Bv^ 

^ 7h -v* ^ « ei i o \z7K-r& 3 \z tc ± x iz&mmm \z mm & ^ tgw^i/ 
-*fyt 5_o oia^T £ ^fse & z. s i *:, v-^mkmzmMfttLQmK^*tttt ±$>s2z 

&Z>. m i O Xte&jggBx = 0 S?^l?Tt"bT£^Xl 8 0°(Dfi:«^>&#itfc«i-&^bT 

1 8 0°^ffl^*Wt-5JC«s^||^H®g^tiJ, t=X/2 (n-1) T?4A5M. 
S^S*J©)B»f^S l . 4 X e C 1 I^->T l/-lf 3 0 8 nraT 

1 8j>jPj^g^^.fcj^«3 _3 4^8 nm Oii£X'yf>^(^ a 
T^ltmi^U. £fcS i N^SISigiitPECVD^ LPCVDfT?«tSi 
mJrVThT x M(DJB^*2. 0 <fr^t, S i N^<&5^S^±lc:i 5 4nm«U 

xy^^^bT^n&mtn^vi. 1 8 o°(Dmm&'z>m£&.m>'y k^xV 5 5 a£® 
& ufc 5 0 <D&m\z, mjjojzm-r*. 5 k^^h©/^ >^-r. 

[0 0 3 2] ^(D^^CDfe©^»03§b^^iC^bfc^X^^MJ^^^t-<t5^ 
GAUSS' 7 K-?*£ 5 5 aTJ55. Bl l X^<&ffi>-7 h^^>CD«@i:/1^>r^f8l 
«<hfe{C3pmX*5. ->'J 3>^6*§f##:ii4 5 5 a©®gfi£ 

dit5t> d*t^#<^§{5 < i;*|Hi^r0^g^^<^i9, U-1f*3l«03E«IJSIJ(ll14ft 
d©tBO: 0 5~3. OmmgS^itbVi, M(»f Lfel 8 0 o T3&5 



&g&&<> I — ■*fyt\Zftm&n$t?%2>tiLft%.~Z&nte&^o >-ifftfii£g3 O 8 n 
mCDXe C 1 X* ~> V— *f 1 v'a v b (D/VVXMMf%ffl\Z 2 0~2 00ns?35 

■ 

£riBa*£-r # . n ©ttire «5S£j§it ^ g a > ©sue ©Mi$s#t3g;>>. 1 -> a 

yhWW 0 . 3— 3.5 pmia^!.«b&lft*SJftBfcfi-r £ ©^iR3^S^t«ieill<fc 0 *> 

[0 0 3 3] ^^m<D^m\z^m^^M(Dm^^^^\z^vrc.%(Dffim^^^. m 

[0034] z\z.t% taic^UfcMi^a^^M^MWt-^bfe'bO'r^s;. Mi. 
~c^-r ( a ) ©;&(pHc: if 3t 5 0 &m l nm^td^ft^iS-TSSJ^^-i'l^Dp'g^ijga'fl; 

Sit, (b) ©^falC^ h$-&S^i^0ig-r^t"C> SJ&0©£iB<£JigifMfc 

Sii-^)il<i:^l?^-5. cKD#^-, $gj£t£— 2*©;*:€r£te;fc£:;U£6 lmmx7 3mm?, *g 
Jg^Olx-if^5 0(D»fffi«^^JilB(D^W^4S^^>^X^T®t)ttTV^. Z\<D 

ifflSSt;*^;/ y-Cj^a-ffc^jitrlElSI r r = 1 @®«>&^S(aixttffl^7 

OTtf— 2±<bt$.mz 1 0 16 6*/^>a*fc9, lIeI©MWT*giiimi^^fi)t*^it 
ir©T, ^IAl©;#ftfcX5^:/Sl3: ; 5*'&te6 ta<D/^;i/^MItT— ##.lfSi&DI*9©:£:®;&* 
SSUffcT*. ^Jll?^:S!S^0^:#:^iigSfb$i3:^©»-M-rS^^-yy b^MfW-VT^- 
-So fct^^tft'-A ©*££#* 6 1x7 3mm 2 T, #^7.S&0 ©*#S*t6 0 Ox 
7 2 0mm 2 Oi^l (b) ^fiKPD £"3*©Jg1*lf-A©Sfc 0 fl& 1 mm tt5 i> 

6 0 0~>a y g& 1 tfc&fc 0 lC^T-5^S<fc©^ £ h*-f <M3:*KJ6 0$J>£ 



[0 0 3 5] 

e. n^^«ga>> u ^ > ^ ^cd^»s«s— o^iSMT?«NMo s t 2 7 0 ~ 

3 5 0 c m 2 /V s , PMOST1 6 0~2 5 0 cmWs, Sg-©0gJgfl|-mNMO S 
T3 2 0-43 D cmVV s , PMOST 1 60 — 2 2 0 cmW s W :fcfg§Ji 

m^fsrfijffl lt v>s cdt 1/— if^e©»^^ < j-*)v#— <Dmm$}m&mz'Dte&z>. 
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Effects of a Low-Melting-Point Underlayer on Excimer-Laser-Induced Lateral Crystallization 
of Si Thin-Films 

Wen-Chang Yeh* and Masakiyo MATSUMURA 

Department of Physical Electronics, Tokyo Institute of Technology, 2-12-1 O-okayama, Meguro-ku, Tokyo 152-8550, Japan 
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The effects of an ultrathin metallic underiayer on excimer-laser crystallization of Si thin-films have been investigated experi- 
mentally. For a Si/Cr/SiOj structure, the grain size became 1 .3 times larger than that for the simple Si/Si 0 2 structure. This 
enlargement resulted from the formation of an ultrathin liquid layer of Cr-Si eutectic alloy, which suppresses heterogeneous 
nucleation at the Si/SiC>2 interface. The Si layer mixes only partly with the ultrathin Cr layer, resulting in the formation of a 
large-grain- Si/CrSi, bilayer structure. 

KEYWORDS: poly-crystalline Si, thin-film solar cells, excimer-iaser annealing, gradient method, lateral crystallization 



1. Introduction 

Polycrystalline silicon (poly-Si) thin- films solar cells are 
one of the most promising materials for realizing a high- 
performance and low -cost solar cell. J) The low-temperature 
preparation of these solar cells is desirable not only from an 
energy saving viewpoint but also from a cost reduction view- 
point. For the low-temperature prepared poly-Si thin-film so- 
lar cell, the grain size is usually the most critical factor since 
photo generated carriers arriving at the grain boundary can 
disappear by recombination, resulting in a low photo gener- 
ated output current. 2, 3) Although low-temperature deposition 
from a gas-phase source is possible, it leads generally to a 
grain size much smaller than D.l /xm in diameter. The solid 
phase crystallization process, another' way of growing poly- 
Si at low temperatures, can yield large grains, but their size is 
still limited to 0.1 /xm. 4) Thus, the layered structure of a thin 
seed layer with large grains with a gas-phase or solid-phase 
epitaxially grown thick layer on it is an attractive solution. 

There are several low-temperature (<600°C) technologies 
for the preparation of the thin Si seed layer of large grains. 
Aluminum-induced crystallization 55 can yield large grains of 
around 10 /xm, but this size is still not satisfactory. For 
the excimer-laser annealing (ELA) 6) of Si thin films (of a 
few lOOnm in thickness), grains are usually as small as 
0. 1 jLim. However, preliminary experiments (PMELA: phase- 
modulated ELA) 7 ~ 9) have revealed the fact that by the intro- 
duction of an intensity gradient in the laser light, the grain 
size increases markedly to more than 10 times. We have 
succeeded in growing 0.16-mm-long grains by applying the 
porous Si0 2 underlayer to this PMELA method. 10 ~ 12) Further 
enlargement of PMELA -processed grains and successive Si 
epitaxial growth on them seem to be interesting approaches 
for obtaining poly-Si thin -film solar cells. 

In the PMELA, there appears a supercooled region, where 
the temperature is less than the melting point, T m , (=141 5°C), 
in the molten Si layer just in front of the laterally mov- 
ing melt-solid interface. Since there is a physical discon- 
tinuity between Si melt and solid SiC>2 at the Si/SiC>2 in- 
terface, heterogeneous random nucleation 13) will take place 
in the Si/Si 0 2 interface and grains start to grow randomly 
from these nuclei. The temperature takes the lowest value at 
the Si/underlay er interface in the supercooled region, ]4) and 
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this enhances the heterogeneous nucleation. The lateral grain 
growth is interrupted when laterally growing grains collide 
with these randomly growing grains in the melt. If a liquid 
thin layer is inserted at the interface between Si and SiC>2> one 
of the origins of the heterogeneous nucleation is suppressed, 
and in turn, lateral grain growth will not be interrupted by 
the heterogeneous nucleation but will continue further until 
homogeneous nucleation takes place in the molten Si layer. 
Based on this, we have proposed a layered solar-cell structure 
of epitaxial Si/PMELA -processed Si seed layer/low-melting- 
point layer/porous SiC>2 underlayer. 10_l2 > In this paper, the 
effects of a low-melting point layer have been investigated in 
detail. 

2. Experimental 

Figure 1 shows a schematic sample structure. The substrate 
was thermally oxidized Si. 25-nm-thick Cr was deposited on 
the Si02 layer by a magnetron sputtering deposition method. 
After a portion of the deposited Cr film was etched away, the 
200-nm-thick a-Si film was deposited by low-pressure chem- 
ical vapor deposition (LPCVD) using Si 2 H 6 . Typical LPCVD 
conditions include: deposition temperature = 500°C, Si 2 H6 
flow rale =2.5 seem, and pressure =0.5 Torr. The Si film 
was then crystallized by the PMELA method. 9) PMELA con- 
ditions include: sample temperature = 500°C, phase retarda- 



Excimer-laser light (single shot) 




Fig. 1. Sample structure. 
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% 180°, mask-sample spacing d = 1.1 mm and aver- 
ligbiintensity J = 750mJ/cm 2 . Unless otherwise 
^ ^L n ed these values arc used throughout the paper. 
WtL crain size was measured by scanning electron mi- 
€ (SEM) after surface Secco-etching, and the effects 
Cr thin layer were evaluated by comparing the grain 
for the Si/Cr/SiCb structure and that for the Si0 2 struc- 
The depth profile was investigated by Auger elec- 
spectroscopy (AES). lattice constant by X-ray diffraction 
(XRD) and interface morphology using a stylus meter after 
removing the Si and Cr films, successively. 

3 Experimental Results and Discussion 

3.1 The effeas of Cr layer on grain size 
' Figure 2 shows the SEM image of the PMELA-processed 
sample where the Cr thin film had a stripe-like pattern. Laser- 
fight intensity of 750mJ/cm 2 was just below the maximum 
^acceptable intensity for the Si film. The lateral growth started 
%p m an edge of the completely melted Si region, and pro- 
Jessed toward the region irradiated by higher intensity, i.e., 
fjffiard the right. 

- rThe grain size in the Si/Cr/Si0 2 structure was about 1 .3 
times larger than that in the Si/Si0 2 structure. The starting 
position of lateral growth was, however, aligned along a sin- 
■ fe line independent of the structures with/without the Cr thin 
I /iryer. This is because the lateral growth initiated from the 
fe Sgeof unmolten Si in the partly molten region and therefore. 
I fljfere was no difference in melting kinetics for both structures. 
;$/iiiie the stop positions of grain growth were different be- 
feeri the two structures. The lateral growth stops when ran- 
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dom nucleation takes place. This means that there was a clear 
difference in random nucleation kinetics in the Si melt be- 
tween the two structures. It could be concluded therefore that 
nucleation occurred in the Si/Si02 structure prior to that in the 
Si/Cr/SiC>2 structure and that the heterogeneous nucleation is 
the predominant mechanism. 

At the melting point, T ms microscopic melting and crys- 
tallization rates axe mutually balanced. Thus, for the crys- 
tal growth, the melt temperature at the melt-solid interface 
should be less than T mi that is. supercooling is a common fea- 
ture of crystal growth; thus, there is a possibility of random 
nucleation in the melt. If the melt is highly supercooled., the 
growth rate takes a large value and at the same time lucky 
atoms can easily form a small network in the. melt, result- 
ing in nucleation. There are clear differences in the nucle- 
ation mechanism at the Si/SiC>2 interface (heterogeneous nu- 
cleation) and that in the Si melt (homogeneous nucleation). 
The critical temperature, T homo , for the homogeneous nucle- 
ation is reported to be 0.8 times T m , 13) i.e., 1075°C in the 
case of Si. Since the interface plays an important role for 
nucleation, the heterogeneous nucleation occurs at a higher 
temperature. The critical temperature, T^ tcroi for the hetero- 
geneous nucleation at the Si/SiC>2 interface is reported to be 
1175°C, 15) i.e., 100°C higher than r hom o. It can be thus said 
that for the Si/Si O2 structure, the heterogeneous nucleation 
takes place and that the PMELA-induced lateral grain growth 
stops when the melt temperature is reduced to 1 1 75 °C. For 
the Si/Cr/SiC>2 structure, a thin and low-melting-point Cr-Si 
alloy will be formed during PMELA as discussed later. This 
newly formed liquid layer separates the Si melt from the solid 
Si02 layer, preventing the heterogeneous nucleation. Thus, 
the molten Si can reduce its temperature without nucleation 
to less than 7h cter c» resulting in elongation of the growth time. 

It is interesting that lateral growth also took place in the 
high-energy-density region of the Si/Cr/SiC>2 structure from 
its boundary with the Si/Si0 2 structure as obserbed in the fig- 
ure. This is another evidence of the difference in nucleation 
kinetics between the two structures as follows. Although 
modulated laser light was irradiated, there was no clear tem- 
perature slope in the Si melt near the peak intensity region due 
to lateral heat diffusion over a long melting duration. Lateral 
growth was difficult in this region, and small grains grew uni- 
formly there as in the case of the conventional ELA. Lateral 
growth was possible, however, near the boundary of the two 
structures because nuclei could be born for the Si/Si O2 struc- 
ture while no nucleation took place for the Si/Cr/Si02 struc- 
ture at a melt temperature between Thomo and Tbctcro- Then, 
nuclei born in the Si/Si0 2 structure near the boundary of two 
structures could grow laterally towards the nuclei- free Si melt 
in the Si/Cr/Si O2 structure. There was a small lateral growth 
from the opposite direction in the Si/Cr/SiC>2 structure. Such 
an opposite-direction growth is caused by an increase in the 
local temperature due to the release of latent heal during crys- 
tallization. Thus, a similar feature could also be obserbed in 
the other lateral-growth regions. 

Figure 3 shows the grain size as a function of average laser 
light intensity J while the mask-sample spacing was fixed. 
There was no lateral growth for / < 400mJ/cm 2 , the criti-. 
cal value for complete melting of Si film. The Si film peeled 
off for / > 800mJ/cm 2 . The grain size decreased with de- 
creasing 7 within this window. This is because a decrease 
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Fig. 3. Grain size as a function of average laser intensity. 



in the temperature gradient will result in an earlier initia- 
tion of nucleation. The grain size in the Si/Cr/SiC>2 struc- 
ture was 1 3 times larger than that in the Si/SiC>2 structure for 
/ = 800 mJ/cm 2 , but the difference between them decreased 
with decreasing /. 

Figure 4 shows the grain size as a function of mask-sample 
spacing, d. The grain size in both structures increased with in- 
creasing d> reached the maximum values of 5 /im and 3.9 ^xm, 
respectively, at d ~ 1.1 mm, and then decreased. Although 
the grain size in the Si/Cr/Si0 2 structure was about 1 .3 times 
larger than that in the S1IS1O2 structure, the maximum grain 
size was obtained at the same d for both structures. 

Figure 5 shows the grain size dependence on the Cr layer 
thickness. The critical thickness was 5 nm, and the grain size 
was saturated for the Cr layer thicker than the critical value. 
This is because the continuous Cr film was not formed for the 
film thickness less than 5 nm, and the heterogeneous nucle- 
ation could take place in the region where the Si02 surface 
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Fig. 5. Grain size as a function of Cr film thickness. 
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was not covered by Cr. . 

In order to demonstrate the desirable combined effects of 
the low-specific-heat underlayer and the Cr thin film, the 25- 
nm -thick Cr layer was deposited on a porous S1O2 layer with 




Light intensity 



(b) 




Lateral growth region \ 

Heterogeneous nucleation region 
Partly molten region 

Fig. 6, Si film after PMELA on and outside Cr underlayer (a) surface opti- 
cal image (b) schematic of grain boundary. 
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a porosity of 60%. Figure 6(a) shows a surface optical mi- 
croscopic image for structures with/without the Cr layer. The 
protrusions arising from the volume expansion of liquid Si 
during ELA can appear only at the grain boundary where 
grains growing from both sides collide with each other. From 
these protrusions, the grain boundary can be easily identi- 
fied and is illustrated in Fig. 6(b). Lateral grains had a long 
branch along the crystal growth direction as shown by arrows 
for both structures, while heterogeneous-nucleation-initiated 
grains appeared only in the Si/Si02 structure and had a disk- 
like structure. These nucleaupn-initiated grains were much 
larger than those in the Si/Cr/SiC>2 structure shown in Fig. 2. 
This is due to a lower nucleation rate and a longer melting 
duration when using porous SiC>2 as the underlayer. n ' 12,14) 
Grain size for the Si/Cr/porous SiC>2 structure was also about 
1.3—1.5 times larger than that for the Si/porous-Si02 struc- 
ture. 

3.2 Profile analysis of the Si/Cr/SiC>2 structure 

AES depth profiles are shown in Figs. 7(a) and 7(b) for 
the Si(200nm)/Cr(25nm)/Mo(200nm)/SiO 2 structures be- 
fore and after ELA, respectively. The 200-nm-thick Mo layer 
prevents undesirable charging effects during the AES mea- 
surement Since the Mo/Cr interface profile was not changed 
clearly by ELA, their mixing hardly seemed to occur, and Mo 
did not penetrate through the Cr thin film into the upper Si 
layer to intermix with it. There was, however, a clear bump 
in the Cr profile near the Si/Cr interface and penetration of 
Si into the Cr layer after ELA. This indicates that Si and Cr 
layers were intermixed during ELA to form a Si-Cr eutectic 
alloy. Since the AES sample had a thick Cr layer, the thin Cr 
layer for practical samples seems to intermix completely with 
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Fig. 8. XRD of Si/Cr/glass structure after PMELA. 
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Si to form a new bilayer structure of Si/Si-Cr allow when the 
laser light is intense. 

Figure 8 shows the XRD spectrum of the crystallized 
Si/Cr/SiOj structure. Except for sharp diffraction peaks cor- 
responding to (111) and (110) faces of crystallized Si, there 
appeared new but weak diffraction peaks around 40°^45° that 
were probably due to SiCr 2 silicide. The lattice constants esti- 
mated from Si(lll) and (110) peaks were 28.44° and 47.34°, 
respectively, which are almost the same as those of single 
crystal Si. This result also supports the bilayer model of the 
Si/Si Cr x structure. Since the lattice constant of the top Si 
layer was the same as that of bulk Si, we expected that Si 
epitaxial growth would be possible on this sample to fabri- 
cate a thin-film solar-cell structure; this expectation was con- 




15 



25 
x (urn) 



35 



45 



Fig. 7. AES depth profile of Si/Cr/Mo/glass structure before (a) and after 
(b) excimer-laser annealing. 



Fig. 9. Surface geometry after Si and Cr etching. 
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Fig. 10. Grain size as a function of metal. 



firmed by solid-phase epitaxy on the PMELA-processed Si 
thin film. 12) 

Figure 9 shows the surface geometry after Si etching and 
successive Cr etching for the PMELA-processed Si/Cr/SiC>2 
structure. Intensity distribution of laser light is also shown. 
The fact that most of the film was removed by Si etchant, indi- 
cates that top thick layer was of Si. For the region where only 
weak laser light was irradiated, the remaining film was com- 
pletely removed by the Cr etchant as the nonirradiated sam- 
ple. On the other hand, the remaining intensely irradiated film 
was not etched even by the Cr etchant, suggesting that Cr-Si 
alloy which is difficult to be etched by either Si etchant or 
Cr etchant was formed during PMELA! The higher the laser- 
light intensity, the thicker the film remaining after Cr etching. 
This is reasonable because more Cr reacted and mixed with 
underlying Si. The maximum remaining film thickness was 
still limited to about twice the initial Cr thickness. 

3.3 Effects of metals 

Similar grain size enlargement effects were observed for 
several metals other than tr. Figure 10 shows the grain size 
for various metals. The x-axis denotes the rninimum melting 
point of silicon-metal alloy. In the case that the underlayer 
is Si, the complete Si film could not melt completely and lat- 
eral growth was not induced. The grain size was smaller than 
0,1 /xm as in the case of uniform laser-light irradiation. The 
grain size increased with decreasing the melting point and 
was saturated at 5 /im for the melting point under 1380°C. 

3.4 Discussion 

From a static viewpoint, Si -metal alloys should solidify at 
their eutectic temperature, i.e., the alloy remains in a liquid 
state while the Si film on it is crystallizing. This is because 
the alloy will start to solidify at temperatures lower than its 
eutectic temperature in the ns regime as in the case of Si. The 
high critical temperature for heterogeneous nucleation is at- 



tributed predominantly to the size effects, and in turn, it will 
decrease with the melting point as 7h 0 mo. Then, the alloy can 
remain in a liquid state when the Si .film starts to solidify. 

For metals having a low eutectic temperature with Si, such 
as Cr, the growth lengths were saturated as evident in Fig. 10. 
The temperature in the melt appears to reach the critical tem- 
perature of the homogeneous nucleation in the Si melt. Thus, 
the experimental results indicate that the critical temperature 
for homogeneous nucleation was about 50°C, one half of the 
expected value, lower than the critical temperature for het- 
erogeneous nucleation. Another possible explanation is that 
the nucleation temperature does not decrease with the eutec- 
tic temperature. Si-Cr, Si-H and Si-Ta alloys have a similar 
temperature for solidification in the ns regime. 

4. Conclusions 

A 1 .3 times enlargement of grain size has been achieved for 
the lateral growth of Si thin film by inserting a low-melting 
point metallic layer at the Si/SiC>2 interface. This enlarge- 
ment effect results from the suppression of heterogeneous nu- 
cleation at the Si/Si0 2 interface. AES, SEM, XRD measure- 
ments and selective etching indicate that a layered structure of 
Si/SiCr2 was formed on SiC>2 and that Cr content in the top Si 
layer is very low. Thus, Si epitaxial growth on the structure, 
i.e., the critical technology for application of this large grain 
growth technology to solar cell process, is possible. A similar 
grain size enlargement is expected for various materials such 
as Ge, Sn and Pb. However, the metal is more interesting from 
the viewpoint of application to solar cells since Si-metal alloy 
of low resistivity can be used as the bottom electrode. 
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Abstract 

A new phase-shift mask having smooth and periodic phase-shifter patterns has been 
proposed for an excamer-laser-induced laige-grain growth method. Grains grown by a 
single-shot of RrF excimer-laser light pulse were 50|am in length with the packing density of 
nearly 100%. Laterally grown Si grains were predominantly (110)-£aced By inserting another 
mask with short-pitch phase-shifters just on the sample surface, 40jim-long grains were grown 
at desired positions with the packing density of around 60%. 

1. Introduction 

An excimer-laser annealing (ELA) method [1] seems the most promising for 
ultra-large grain growth of Si thin-films at low-temperatures (<600°C) among various 
similar technologies, since only this method can melt completely the Si thin-film for 
recrystallization on a non-heat tolerant glass substrate. We have proposed a 
phase-modulated ELA (PMELA) [2,3] method by transferring a well-known 
phase-shift concept in the high-resolution photolithography area to the ELA area. Phase 
of excimer-laser light wave is modulated by passing through the transparent quartz 
plate having abrupt thickness change (phase-shifter). The excimer-laser light intensity 
gradient is then formed on the sample surface by the Fresnel dif&action effects. We 
have shown that grains as large as 0.16mm [4] could be grown laterally in the molten Si 

film on the porous SiC>2 
underlayer [5], as 
shown in Fig.l, along 
the intensity gradient. 
The packing density of 
such large grains, 
however, was far below 
the ideal value of 1 00% 
and the position of 

Fig. 1 Surface optical microscope photo of 0. 1 6mm-lon g grains. grains was controlled 

one-dimensionally. 




This paper proposes advanced phase-shifters with smooth and periodic patterns. It 
was confirmed experimentally that the 100% packing density of 50|im-long grains 
could be grown by the new mask. By inserting another mask with step-like-change 
phase-shifters just on the sample surface [6], two-dimensional position-control was 
demonstrated for 40fim-long grains with the packing density of around 60%. 

2. Advanced phase-shifter 

In the previous PMELA experiments [3\ laige grains were grown only a part of the sample 
surface with a-Si and a small poly-Si regions of large area, resulting in a low packing density of 
large grains. This is because sharp step edge of the phase-shifter has the strong Fresnel 
diffraction effects for a long distance. The light intensity distribution had, in turn, sharp and 
dense spikes and dips when the phase-shifter pitch is shrunken for the purpose of packing large 
grains with high density. Nuclei are then bom at each dip and collide with each other after short 
growth, resulting in small grains. 

The ideal light intensity distribution for highly packed laige-grains should have no spikes and 
dips but should change continuously and periodically from the minimum critical value for 
just-complete-melt of the Si thin film to the maximum acceptable value for the Si thin film as 
schematically shown in Fig.2. Since grains start growing bi-directionally from the minimum 
intensity positions and stop growing after collision with adjacent grains at the maximum 
intensity positions, there are no spaces for the uncrystallized a-Si region and the small poly-Si 
growth region. Grains are expected as large as one-half of the phase shifter pitch with the nearly 
100% packing density. 

The phase-shift-mask for preparing such an ideal light intensity distribution is schematically 
shown also in Fig.2. Since there is only continuous and periodic change in the mask thickness, 
phase of light waves after passing through the mask can change gradually along the mask 
surface. The light intensity on "die sample surface, given by mutual interferences of light-rays 
passing through the whole area of the mask, can change only smoothly and periodically. By 
optimizing the mask-sample spacing, d, and the amplitude, M, of the sinusoidal variation of the 
mask thickness, the nearly ideal intensity distribution can be obtained 

3. Theoretical optimization 

SnelTs law should be satisfied at 
the boundary between the mask 
and air Thus trace of light-rays 
after passing through the mask can 
be visualized as shown in Fig.3. In 
the convex boundary area there 
appears focusing phenomenon of 
light-rays as a micro focusing lens, 
while in the concaved boundary 
area defocusing phenomenon of 
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Fig.2 Schematic view of an advanced phase-shift 
mask and the ideal intensity distribution. 



light-ray as a micro defocusing lens. 
The light intensity can thus vary with 
the fixed average intensity and the 
spatial periodicity, p, as shown in Fig.3. 
The intensity takes the peak value just 
under the position where the mask is 
thickest and takes the minimum value 
where the mask is thinnest The 
intensity variation is small for the short 
spacing, d, but enlarged by elongating 
d as shown in FigJ3(a) and (b). And at 
the focusing point, it has a non-ideal 
spike-like-form with a low and flat 
intensity region as shown in Fig.3(c). 

Figure 4 shows schematically 
geometrical features of two 
characteristic positions As and Bs, 
respectively, where the light intensity 
takes the minimum value (As) and the 
maximum value (B s ), respectively on 
the sample surface. There are also two 
characteristic positions Am and Bm on 
the mask surface, corresponding to As 
and Bs, respectively. The distance 
between Am(B m ) and As(B s ) is d, 
while the distance, 1, between Am(Bm) 
and Bs(As) is given by 

1 =V(p/2) 2 +d 2 . 

Phase retardation, G, of the light 
wave passing through Am with respect 
to that through Bm is 

G = 47t(n-1)M/X , 

where n (=1 .49) is a refractive index of 
quartz and X (=248nm for KrF excimer 
laser light) the wavelength of light in 
free space. 

Let us consider only two light waves 
originating from Am and Bm- For B s , 
waves coming from Am and Bm should 
be in phase, and for As they should be 
out of phase if we ignore the effects of 
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Fig. 3 Schematic trace of Kght-rays afier passing throu^i 
the mask and light intensity distributions. 
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Fig.4 Schematic geometrical conditions. 



light waves coming from the other part of the mask. From this first-order optimization we get 



2tt (l-d)/X-G = 0 and 2n (l-d)/?v + e = * 



This means 



d=p 2 /X and M = X/8(n-l) . 

The optimum d and 2M values for p=100jim 
wer about 2cm and 1 6 00 A, respectively. 

Figures 4{a) and (b) show 
numerically-calculated exact light intensity 
distributions for several 2M values with d=2cm 
and for several d values with 2M=1600A, 
respectively, p is fixed at 100pm. Although 
there is no sufficient experimental data on the 
optimum ratio, y, between the maximum and 
minimum light intensities, we assume here 
7=1.5. Then the optimum d and 2M values are 
2cm and 400 A. The d value is exactly equal to 
that obtained by the fiist-order analysis, but the 
2M value was about one-fourth Origin of this 
discrepancy is the effects of light waves coming 
from area out of Am and B M - 
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Fig.5 Light intensity distributions. 



4. Experimental results 



The advanced phase-shift-mask was prepared as follows. Firstly, narrow strips with 
computer-designed variable pitches were prepared on Cr blanks by electron-beam 
lithography. One of examples is shown in Fig.6. Secondly, the mask with 
black-and-white Cr patterns was 
transferred to a photo-resist layer by 
a proximity photolithography method. 
The surface of the photo-resist layer 
after development changed smoothly 
as shown in Fig.7(a). Finally, the 
photo-resist patterns were transferred 
to the quartz substrate surface by a 
reactive ion etching method using a 
CF 4 and 0 2 mixture. The 
phase-shift-mask surface changed 
smoothly and periodically as shown 
in Fig. 7(b). 
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Fig.7 Surface moiphology. 

The amplitude, 2M, foimed on the 
quartz plate surface can be changed as 
will as shown Fig.8, by changing the O2 
flow rate. This is because the etching rate 
for the photo-resist layer depended 
strongly on the O2 flow rate but not for 
the quartz plate. From the lfim-thick 
photo-resist layer, 200A variation could 
be produced on the quartz plate with 
sufficient reproducibility. 

Schematic view of the sample structure 
for ELA is shown in Fig.9. Samples were 
of a layered structure of Si02 capping 
layer (1 OOnm-thick) / a-Si layer 
(200nm-thick) /S1O2 overlayer 
(200nm-thick) / Porous SiC>2 underlayer 
(porosity=60% 9 2jim-thick) on a Si wafer. 

The porous SiC>2 layer was spin-coated at room 
temperature using a commercially available SOG source 
with I 2 , and cured at 500°C for 30min. The Si0 2 overlayer 
and the SiC>2 capping layer were deposited by a PECVD 
method at 350°C. The 200nm-thick Si layer was 
deposited by a low-pressure chemical vapor deposition 
method at 500°C from disilane. A single shot of KrF 
excimer laser light pulse irradiated the sample surface 
through the advanced phase-shift mask. Ciystallinity of 
laterally grown grains was evaluated by an optical 
microscope, a transmission electron microscope (TEM) 
and a transmission electron diffraction (TED) method. 

Figure 10 shows a microscopic photograph of the 
grown Si film. Values of p and M for the phase -shifters 
were 100am and 100 A, respectively. Large grains grew 
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Fig.9 schematics of 
sample structure. 
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from the low intensity region to the high intensity region. Protrusion was formed by 
volume expansion of Si while changing from liquid to solid, and appeared at the 
boundary where grains growing from both sides collided with each other. The grains 
were 50jxm in length and their packing density was nearly 100%. 
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Fig. 10 Optical microscope photo of grown Si film surface. 



Figure 1 1 shows a TEM image of the crystallized Si film. The electron diffraction 
patterns reveals that grains were predominantly (110)-faced. Clear spots with nearly 
ideal positions and no non-ideal spots indicate that crystallinity was excellent at least 
within a beam spot of around 5^im in diameter. 
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Fig. 1 1 TEM image of crystallized Si film and its TED pattern. 



Another phase shift 
mask (#2) with 
25 jim-pitch step-like 
phase-shifter patterns was 
inserted between the 
advance phase shift mask 
and the ample as 
schematically shown in 
Fig. 12. The spacing 
between the new mask 
and sample was kept at 
5 jam. 

Figure 13 shows a 
microscopic photograph 
of the grown film. There 
was a small poly-Si 
region with spot-like 
patterns in the low light 
intensity region due to 
the non-optimum average 



Exrimer-laser Ii^Tt 



Mask £2 



Che-cEmansicnai 
Hiase-shifi mask 



Msk#l 




^layer 



Fig.12 Schematics of two-dimensionally position-controlled 
and highly packed laige grain growth. 



light intensity. And short lines of the similar pattern appeared from there to the higher 
intensity region. This corresponds to the dipped light-intensity region enforced by the 
mask #2. Then large grains grow from the top of this region toward the higher intensity 
region formed by the mask#l setting far from the sample. Two-dimensional 
position-control of 40fim-long grains could be achieved with 25|mn in pitch. The 
packing density of large grain was about 60%. 
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Fig.l 3 Surface microscope photo of 2D position-controlled laige grains. 



5. Conclusion 

■ 

50^im-long grains were successfully grown by a single shot of the KrF excimer-laser 
light pulse with the nearly 100% packing density. It was confirmed laterally grown Si 
grains were predominantly (llO)-faced with good crystallinity. By adding another 
short-pitch phase-shift-patterns of step-like form just on the sample surface, grains 
were grown at desired positions. The grain size was as large as 40\xm with 25 in 
pitch. These results indicate attractiveness arid usefulness of the PMELA method not 
only for high-performance c-Si thin-film transistors, but also high-efficiency solar cells. 
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